INTRODUCTION
============

Obesity is a complex, heterogeneous condition with significant phenotypic variation.[@ref1] Whereas obesity is closely related to clustering of metabolic risk factors and increased morbidity and mortality, a subset of obese individuals do not present with metabolic abnormalities. This phenotype is considered metabolically healthy obese (MHO).[@ref2],[@ref3] Why these individuals do not develop metabolic syndrome (MetS) is currently unknown.[@ref4] However, lifestyle behaviors, such as physical activity and sedentary time, may differ between MHO and metabolically unhealthy obese (MUO) phenotypes.[@ref1] Previous studies have shown inconsistent results comparing physical activity levels between MHO and MUO subjects, with some studies reporting significant differences while other studies do not.[@ref1] Further, self-rated health (SRH), an inclusive measure of health, has previously been shown to be associated with increased risk of progression to an unhealthy metabolic status in metabolically healthy individuals.[@ref5] Previous studies have also shown that low SRH is associated with increased incidence of both insulin resistance and type 2 diabetes mellitus.[@ref6],[@ref7] However, preserved insulin sensitivity and paucity of the components of the MetS may characterize the MHO phenotype.[@ref8] Physiologically, virtually all proinsulin molecules are cleaved into insulin and C-peptide. In healthy subjects, only a minor percentage of un-cleaved intact proinsulin is released into the circulation. However, insulin resistance leads to an increased demand for insulin, and thus the cleavage capacity of the processing enzymes may be exhausted, and proinsulin and C-peptide may be increased.[@ref9] Further, insulin resistance may cause metabolic modifications that lead to imbalance in glucose metabolism, causing chronic hyperglycemia, which in turn initiates oxidative stress and inflammatory response that leads to cell damage.[@ref10] Insulin resistance can also change systemic lipid metabolism, which leads to the development of dyslipidemia and the well-known pattern of high levels of plasma triglycerides, low levels of high-density lipoprotein, and appearance of small dense low-density lipoprotein.[@ref10] Therefore, measurements of intact proinsulin are important indirect predictors for insulin resistance and play roles as direct biomarkers of beta cell dysfunction.[@ref9]

The aim of the present study was to evaluate the prevalence of the MHO phenotype and its relationships with anthropometric-, metabolic- and lipid appearance, as well as lifestyle behaviors and SRH, in a cohort of 64-year-old Swedish women. A further aim was to explore beta cell dysfunction by measuring C-peptide and proinsulin in the MHO phenotype.

METHODS
=======

Study population and design
---------------------------

All participants received both written and oral information before they gave consent to take part in the study. The Ethics Committee at Sahlgrenska University Hospital approved the protocol (Dnr: S 286-01).

The study population and study design have previously been extensively described elsewhere.[@ref8] In brief, all 64-year-old women (n=4,856) identified through the County Register in Gothenburg, Sweden, were sent an invitation letter to participate in a screening examination. Those who accepted (n=2,893) completed a brief questionnaire that was enclosed with the letter. Exclusion criteria were cancer (unless no relapse during the last 5 years), chronic inflammatory disease, severe mental disorder, other severe illness, drug addiction, or inability to understand Swedish (n=298).

Participants were invited to a screening examination including an oral glucose tolerance test (OGTT). The OGTT procedure has previously been thoroughly described.[@ref11] The World Health Organization (WHO) criteria for capillary blood glucose values for cutoff were used.[@ref12] No OGTTs were performed on subjects with known diabetes. The examinations included a questionnaire soliciting information regarding previous diseases, current medication, smoking habits, heredity for diabetes, TV time, leisure time physical activity (LTPA) and SRH. Anthropometric measurements were performed, and blood pressure and heart rate were recorded. Body weight was measured in light clothing. Waist and hip circumferences were measured according to current guidelines.[@ref12] Finally, 639 women were included in the study.

Definition of the phenotype groups
----------------------------------

The National Cholesterol Education Program definition was used to assess MetS ([Supplementary Table 1](#S1){ref-type="supplementary-material"}).[@ref13] By defining normal weight as body mass index (BMI) 18.5--24.[@ref9] kg/m^2^ and obesity as BMI ≥30 kg/m^2^,14 the participants were categorized as (1) metabolically healthy normal weight (MHNW; n=180), (2) metabolically healthy obese (MHO; n=53), and (3) metabolically unhealthy obese (MUO; n=93) ([Supplementary Table 2](#S1){ref-type="supplementary-material"}). This resulted in a sample of 326 women ([Supplementary Fig. 1](#S1){ref-type="supplementary-material"}). The remaining 313 women were categorized as metabolic abnormal, normal weight, metabolic healthy, overweight, or metabolic abnormal, overweight.

Biochemical analysis
--------------------

The biochemical analyses we performed have been described in detail elsewhere.[@ref15],[@ref16] All analyses were performed at the Wallenberg Laboratory for Cardiovascular Research, Sahlgrenska University Hospital, Gothenburg, Sweden.

Assessment of SRH
-----------------

SRH was assessed by the question "In general, how would you rate your health?" Answers were dichotomized into two groups, good health (excellent and good) and average health or less (average, poor and very poor) based on previous studies.[@ref17],[@ref18] SRH was further assessed by the question "In general, how would you rate your health compared to others your age?" with answers divided into three categories, better (much better and better), neither better nor worse, and worse (worse and much worse).

Statistics
----------

The IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses. Normally distributed continuous data are presented as the mean±standard deviation (SD). Skewed data are presented as the median and range and nominal data are presented as number and percent. Comparisons between groups were analyzed by one-way analysis of variance with the least significant difference post-hoc test. In addition, one-way test was used for analyzing trends between groups. Trend analyses in nonparametric variables were performed with Jonckheere-Terpstra test. Analyses of nominal data were performed with chi-square tests. The *P*-values \<0.05 were considered statistically significant.

RESULTS
=======

In the sample of 326 women, 71.5% were metabolically healthy and 44.8% were obese. The MHO phenotype represented 36.3% of obese participants and 16.3% of participants in the total sample. The mean age was 64.5 years (SD, 0.3). Values for baseline anthropometrics and lifestyle behaviors, baseline metabolic factors, including insulin variables, and lipids are presented in Tables 1 and 2, respectively. Briefly, the majority of the variables showed significant trends, with the MHO phenotype group having intermediate levels and the MUO phenotype group having levels that were the most unfavorable. The MHO group had significantly increased BMI, weight, waist circumference, and blood pressure, compared to the MHNW group. Further, fasting plasma insulin levels, plasma proinsulin, C-peptide, triglycerides, apolipoprotein B levels, and apolipoprotein B to A-I ratio were significantly increased, while highdensity lipoprotein cholesterol was significantly lower in the MHO group than in the MHNW group. However, total cholesterol did not differ between the phenotype groups, nor did low-density lipoprotein cholesterol.

Fasting plasma levels of insulin, proinsulin, and C-peptide showed significant trends with the MHO phenotype group having intermediate levels and the MUO phenotype group having the highest levels. Proinsulin levels \>11 pmol/L indicating beta-cell dysfunction, was most common in the MUO group (30%). In the MHO group, the corresponding figure was 9.8%, while only one patient (0.6%) in the MHNW group had proinsulin levels above 11 pmol/L. The risk ratio was 18.2 (95% confidence interval, 2.1 to 159.3) for increased risk among MHO subjects to have a proinsulin level \>11 pmol/L compared to MHNW subjects. Insulin resistance assessed as homeostatic model assessment for insulin resistance (HOMA-IR) significantly differed between the MHO and the MHNW groups. Further, the MUO group had significantly higher values of HOMA-IR compared to both other groups.

Both obese phenotype groups were more likely to have lost ≥5 kg in weight on purpose in less than one year compared to the normal weight group. LTPA showed a significant trend towards less activity in the MUO group, with the MHNW group reporting the most activity. However, no difference was observed in the number of subjects performing LTPA at least 30 minutes 1--2 times per week while breaking sweat between the MHO and the MHNW groups, but this variable differed significantly between the MUO and MHNW groups. No difference between phenotype groups was observed for TV time ≥3--6 hours per day. The MUO group reported significantly more cigarette years, representing smoking habits, compared to the normal weight group.

SRH showed a significant trend with the MHO as the intermediate group and the MUO group having the most subjects who rated their general health as average. A similar trend was observed for rating health worse than that of others their own age. A significant difference was observed between the MHO group and the MHNW group, with more subjects rating their general health as average among those with MHO. No difference was observed between the MHO and the MHNW groups in rating their health to be worse than others their own age, while a greater number of individuals in the MUO group rated their health worse than others their own age when compared to the MHNW and MHO groups ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

DISCUSSION
==========

The results from this sample of 64-year-old women showed that one-third of the obese participants were of MHO phenotype. Compared with the prevalence of MHO in cohorts comprising The Healthy Obese Project sample,[@ref19] the prevalence reported in the present study is higher. One previous study found that the prevalence of MHO ranges between 12% and nearly 60% in women, depending on the definition used.[@ref20] However, the criteria used for the definitions of MHO in that study did not include exactly the same criteria used in the present study.

An interesting observation in this study is that the MHO group rated their health as similar to others their own age, like the MHNW group, while a significant difference in general health was observed between these groups. Previously, SRH was suggested to be an independent risk factor of metabolic abnormalities, and studies have shown that SRH is low in people with MetS and obesity.[@ref5] An earlier study of 40-year-old Finnish males showed that those with BMI ≥30 kg/m^2^ rated their health worse than men who were of normal weight.[@ref18] This finding is in line with that of the present study in a sample of women. Further, the MUO group reported significantly worse results for SRH compared to the other phenotype groups. A recent study showed low SRH to be independently associated with the risk of progression to metabolically unhealthy status in metabolically healthy individuals, especially in those with obesity.[@ref5]

Physical activity is known to be associated with health-related benefits leading to, for instance, lower risk of obesity and diabetes. [@ref21],[@ref22] In the present study, the proportion of subjects performing LTPA for at least 30 minutes ≥1--2 times per week while breaking sweat was similar across phenotype groups, nor were there differences between obese groups. A previous study revealed no difference between MHO subjects and non-MHO subjects in terms of moderate-to-vigorous activity in a group of 45- to 85-year-old individuals.[@ref23] Further, another previous study showed that MHO subjects spent more time stepping/day and less time being sedentary compared to MUO subjects, while there was no difference in sedentary time/day or total stepping time/day between MHO and MHNW subjects.[@ref24] Previous studies utilized TV viewing time as a proxy measure to assess sedentary behavior in MHO and MUO individuals.[@ref1] In the present study, we found no difference in TV time, consistent with previous studies.[@ref25],[@ref26] The lack of difference in physical activity and TV time between the obese phenotype groups may be due to the small groups included in our study.

MHO individuals may have higher inflammatory markers when compared with metabolically healthy non-obese subjects, and it is suggested that this intermediate inflammatory status put them at delayed risk of metabolic disorders.[@ref27] In our study, differences in both waist circumference and C-reactive protein were observed between MHO and MHNW subjects, while only waist circumference differed between the MHO and MUO phenotypes.

Proinsulin is the precursor form of insulin, and is synthesized, processed, and cleaved to form mature insulin and C-peptide. Glucose intolerant and/or insulin resistant individuals have increased concentrations of proinsulin.[@ref28] In the present study, MHO participants had increased levels of plasma proinsulin, split proinsulin, and C-peptide compared to MHNW participants, but decreased values compared to MUO participants. Plasma proinsulin levels \>11 pmol/L were increased and considered indicative of beta cell dysfunction in a previous study.[@ref10] In the present study, MHO participants had a significantly increased plasma proinsulin value of 5.9 pmol/L compared to MHNW participants, who had an average of 3.1 pmol/L, while MUO participants showed a significantly increased value of 11.5 pmol/L. In addition, proinsulin values \>11 pmol/L were significantly less common in the MHO group compared to the MUO group. This suggests that the MHO participants in our study are in earlier phases of metabolic disease, while the MUO participants had already developed beta cell dysfunction.

Previously, C-peptide was shown to be associated with decreased levels of high-density lipoprotein.[@ref29] We observed that C-peptide levels were highest in the MUO group, that the MHNW group had the lowest levels, and the MHO group showed intermediate levels, while high-density lipoprotein cholesterol showed an inverse trend with the lowest level in the MUO group. A similar pattern was observed by our research group in a cohort of initially healthy 58-year-old men (not published). Further, in the present study showed the MHO subjects were more insulin sensitive than the MUO subjects, a finding that agrees with those of previous studies.[@ref30]

Insulin resistance assessed by HOMA-IR previously indicated that worse metabolic conditions are associated with higher risk of increased HOMA index.[@ref31] This is in line with the findings of the present study, in which there was a trend toward increased HOMA index with worsening metabolic condition, with the MUO group having the highest levels and the MHO group having intermediate values. Compared to the MHNW group, both obese groups had significantly increased HOMA values, which also agrees with the results of previous studies.[@ref31]

There are limitations as well as strengths of the present study that need to be considered. Women of the same age with different degrees of insulin sensitivity and obesity were included in our sample, and those with prevalent cardiovascular disease and those who had received cardiovascular disease medication were excluded. This approach has the disadvantage that the cohort is less representative of the general population, and it may have affected the number of MUO participants we included. Therefore, we may have overestimated the prevalence of MHO in the obese population. On the other hand, the participants were selected in a structured way among a representative, homogenous population sample, and confounding factors such as age, sex, and concomitant cardiovascular disease were constant at baseline. To define obesity using BMI is another limitation because it does not differentiate between body lean mass and body fat mass, and a person can have a high BMI but still have a very low fat mass.[@ref32] Waist circumference has been shown to be a more specific measure of visceral obesity.[@ref33] Further, results from the Framingham study showed that being underweight is associated with increased risk of non-cardiovascular mortality.[@ref24] In our study, we included normal weight participants with BMI 18.5--24.9 kg/m^2^, as previously suggested by WHO,[@ref34] with the intention of excluding underweight participants and avoiding underestimating body weight in the normal weight group.

In conclusion, this cross-sectional study detected an MHO prevalence of nearly 40% among a homogeneous sample of obese 64-year-old women, and found that women with MHO phenotype have an intermediate profile for variables measuring beta cell function and HOMA index, as well as for anthropometric and metabolic variables. Further, women in the MHO group rated their general health as worse compared to those with normal weight. This emphasizes the question of whether MHO individuals, defined by having few MetS features, actually are healthy.

SUPPLEMENTARY MATERIALS
=======================

Supplementary Tables 1, 2 and Supplementary Figure 1 can be found via <https://doi.org/10.7570/jomes19078>.
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###### 

Baseline anthropometric values and life style behaviors of the study participants according to phenotype

  Variable                                                Metabolically healthy normal weight (n = 180)   Metabolically healthy obese (n = 53)         Metabolically unhealthy obese (n = 93)            *P* for trend
  ------------------------------------------------------- ----------------------------------------------- -------------------------------------------- ------------------------------------------------- ---------------
  BMI (kg/m^2^)                                           22.9±1.5                                        33.2±3.2[‡](#t1fn2){ref-type="table-fn"}     34.3±3.4[‡,§](#t1fn2){ref-type="table-fn"}        \<0.001
  Weight (kg)                                             61.8±5.8                                        89.3±10.1[‡](#t1fn2){ref-type="table-fn"}    91.2±10.3[†](#t1fn2){ref-type="table-fn"}         \<0.001
  Waist circumference (cm)                                81±5                                            104±8[‡](#t1fn2){ref-type="table-fn"}        109±10[‡,¶](#t1fn2){ref-type="table-fn"}          \<0.001
  Systolic blood pressure (mmHg)                          135±19                                          138±18†                                      147±17[‡,\|\|](#t1fn2){ref-type="table-fn"}       \<0.001
  Diastolic blood pressure (mmHg)                         75±6                                            78±9[\*](#t1fn2){ref-type="table-fn"}        83±8[‡,§](#t1fn2){ref-type="table-fn"}            \<0.001
  LTPA at least 30 minutes 1--2 times/wk breaking sweat   75 (41.7)                                       21 (39.6)                                    27 (29.0)[\*](#t1fn2){ref-type="table-fn"}        0.005
  Lost ≥5 kg in weight on purpose in less than 1 year     70 (38.9)                                       41 (77.4)[‡](#t1fn2){ref-type="table-fn"}    79 (84.9)[‡](#t1fn2){ref-type="table-fn"}         \<0.001
  TV time ≥3--6 hours/day                                 25 (13.9)                                       7 (13.2)                                     22 (23.7)                                         0.173
  Smoking--cigarette years                                14.3 (0.4--75.3)                                22.5 (0.3--56.0)                             21.6 (1.3--92.0)                                  0.021
  Alcohol intake/day (g)                                  8.9 (0.0--36.3)                                 5.0 (0.0--46.3)                              2.7 (0.0--38.2)[†](#t1fn2){ref-type="table-fn"}   0.006
  Lipid medication                                        15 (8.3)                                        4 (7.5)                                      24 (25.8)[‡,\|\|](#t1fn2){ref-type="table-fn"}    \<0.001
  Hypertensive medication                                 34 (18.9)                                       17 (32.1)[\*](#t1fn2){ref-type="table-fn"}   54 (53.8)[‡,\|\|](#t1fn2){ref-type="table-fn"}    \<0.001

Values are presented as mean± standard deviation, number (%), or median (range).

*P*\<0.05 vs. metabolically healthy normal weight; ^†^*P*\<0.01 vs. metabolically healthy normal weight; ^‡^*P*\<0.001 vs. metabolically healthy normal weight; ^§^*P*\<0.05 vs. metabolically healthy obese; ^\|\|^*P*\<0.01 vs. metabolically healthy obese; ^¶^*P*\<0.001 vs. metabolically healthy obese.

BMI, body mass index; LTPA, leisure time physical activity.

###### 

Baseline metabolic and insulin factors for the study participants according to phenotype

  Variable                          Metabolically healthy normal weight (n = 180)   Metabolically healthy obese (n = 53)                Metabolically unhealthy obese (n = 93)              *P* for trend
  --------------------------------- ----------------------------------------------- --------------------------------------------------- --------------------------------------------------- ---------------
  Fasting plasma glucose (mmol/L)   5.3 ± 1.8                                       5.1 ± 1.04                                          6.9 ± 2.5[†,¶](#t2fn2){ref-type="table-fn"}         \<0.001
  Fasting plasma insulin (pmol/L)   40.5 ± 47.1                                     61.9 ± 35.4[‡](#t2fn2){ref-type="table-fn"}         114.2 ± 91.4[‡,¶](#t2fn2){ref-type="table-fn"}      \<0.001
  Plasma pro-insulin (pmol/L)       3.1 ± 2.0                                       5.9 ± 4.8[‡](#t2fn2){ref-type="table-fn"}           11.5 ± 12.4[‡,\|\|](#t2fn2){ref-type="table-fn"}    \<0.001
  C-peptide (nmol/L)                174 ± 67                                        259 ± 101[‡](#t2fn2){ref-type="table-fn"}           366 ± 165[‡,¶](#t2fn2){ref-type="table-fn"}         \<0.001
  Insulin resistance (HOMA-IR)      1.61 ± 3.26                                     2.10 ± 1.37[‡](#t2fn2){ref-type="table-fn"}         5.75 ± 3.39[‡,¶](#t2fn2){ref-type="table-fn"}       \<0.001
  Total cholesterol (mmol/L)        5.90 ± 1.09                                     5.97 ± 0.84                                         5.71 ± 1.16                                         0.215
  LDL cholesterol (mmol/L)          3.53 ± 0.98                                     3.76 ± 0.86                                         3.46 ± 0.99                                         0.729
  HDL cholesterol (mmol/L)          1.84 ± 0.41                                     1.62 ± 0.37[‡](#t2fn2){ref-type="table-fn"}         1.27 ± 0.30[‡,¶](#t2fn2){ref-type="table-fn"}       \<0.001
  Triglycerides (mmol/L)            1.08 (0.5--3.0)                                 1.27 (0.6--2.6)[†](#t2fn2){ref-type="table-fn"}     1.97 (0.7--5.9)[‡,¶](#t2fn2){ref-type="table-fn"}   \<0.001
  apoB (mmol/L)                     1.07 ± 0.25                                     1.14 ± 0.20[\*](#t2fn2){ref-type="table-fn"}        1.25 ± 0.31[‡,§](#t2fn2){ref-type="table-fn"}       \<0.001
  apoA-I (mmol/L)                   1.64 ± 0.27                                     1.60 ± 0.28                                         1.44 ± 0.22[‡,¶](#t2fn2){ref-type="table-fn"}       \<0.001
  apoB to apoA-I ratio              0.66 ± 0.17                                     0.73 ± 0.19[†](#t2fn2){ref-type="table-fn"}         0.88 ± 0.22[‡,¶](#t2fn2){ref-type="table-fn"}       \<0.001
  Ox-LDL (U/L)                      56.0 ± 18.2                                     58.7 ± 16.1                                         60.4 ± 16.6[\*](#t2fn2){ref-type="table-fn"}        0.041
  hsCRP (nmol/L)                    17.8 (0.3--720.6)                               39.6 (2.4--192.7)[‡](#t2fn2){ref-type="table-fn"}   36.2 (3.0--204.6)[‡](#t2fn2){ref-type="table-fn"}   \<0.001

Values are presented as mean± standard deviation deviation, number (%), or median (range).

*P*\<0.05 vs. metabolically healthy normal weight; ^†^*P*\<0.01 vs. metabolically healthy normal weight; ^‡^*P*\<0.001 vs. metabolically healthy normal weight; ^§^*P*\<0.05 vs. metabolically healthy obese; ^\|\|^*P*\<0.01 vs. metabolically healthy obese; ^¶^*P*\<0.001 vs. metabolically healthy obese.

HOMA-IR, homeostatic model assessment for insulin resistance; LDL, low-density lipoprotein; HDL, high-density lipoprotein; apoB, apolipoprotein B; apoA-I, apolipoprotein A-I; Ox-LDL, oxidized low-density lipoprotein; hsCRP, high-sensitive C-reaction protein.
